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1. Introduction

This document provides technical information about the architecture and processing of data in the Eclipse
Software, along with a description of the algorithms and calculations used in Eclipse.

1.1 Relevant Documents
1. Eclipse LB User's Manual.



2. Plateau
The optimum operating voltage is determined from the plateau curve as the leftmost point that satisfies the

following two conditions:
1. The “slope” (in % per 100 volts - as defined below), %M, is less than 2.5% (per 100 volts).

2. The number of counts observed for this point is greater than 2500 (for 2% counting statistics).

For a set of N data points;(¥), the coefficients of the best fit straight line (y=mx+b) by the method of least
squares are given by

R
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In the case of the plateau determination, the data consists of a set of ppiGfs @Where Gis the number of
counts observed during a given counting interval when a voltage®gyplied to the detector. The slope (in
counts per volt) at thd'ipoint, m, is defined as the slope of the straight line (C=mV+b) determined from the
5 points about thd"ipoint (i.e., from i-2 to i+2) by the method of least squares.

By analogy to the general case above, we write:
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The “percent slope” at th& point, %m, can be written as

%m = % [100%

and the “percent slope per 100 volts” at th@aint, %M, as

%M. =9%m [10Q\volts) = % [100%[100= % [10000%
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In summary, the operating voltage is selected as the leftmost point (lowest i) for which
1. %M < 2.5%
2. G > 2500.



3. Background

Backgrounds may be determined for each of the three count modes:

1. Alpha only
2. Simultaneous
3. Alpha then Beta

Backgrounds are always determined as a gross count, and may be determined from a single measurement or a
set of measurements; e.g., 1 — 10 minute count or 10 — 1 minute counts.

3.1 Alpha Only Mode

Rates
For N >1:

CO 1
AR A R

R; = the BACKGROUND count rate.
C. = the number of counts obtained during theaount.
T = the (common) count time of each of tReounts.

Uncertainties:
For N =1:

Og = theuncertainty in the BACKGROUND count rate.

For N >1:

% =1 Di(RB_i ~R,

(N-1)

or




3.2 Simultaneous Mode

Rates
For N >1:
o 1
AR A R
R; = the BACKGROUND count rate.

C. = the number of counts obtained during thesount.

T = the (common) count time of each of tReounts.

Uncertainties:

For N=1:
or, =B H
° OoT O
Og = theuncertainty in the BACKGROUND count rate.
For N>1:
1
ok =
S T > (R - R ]
or
N
(RB_i _RB)Z
(NS



3.3 Alpha Then Beta Mode
Since the ATB mode matches an@nly count {) to a correspondinfa + 3] count {), and the count
times are the same, we may write:

T

gl i = Vg i =T

Alpha Background in the ATB Mode
The Alpha Background Rate is given by

For N=1
3 1 N a_l |:| 1 N
RB a — N £ E N |£ RB _a_i
The corresponding uncertainty is then given by
For N =1:
5 - |FRe
RB a T
For N>1:
1 2
of =—— -
T S R R
or
N
Z (RB_a_i - RB_a )2
or =1+
(N-1)
where,

R; , = thed background count rate for ti@e ONLY mode of the ATB count mode.

C, i = the number ofx counts obtained during th® eount.
T = the (common) count time of each of tieounts.
Rs , i = the a background count rate determined during thedunt.
Og = theuncertainty in the a (system) BACKGROUND count rate for ttieONLY mode of

the ATB count mode.



Beta Background in the ATB Mode
The Beta Background Rate is given by
For N=>1

N
RB_ﬁ :%lg [RB_[a+ﬁ]_i - RB_a_i]: RB_[a+ﬁ] - RB a

where,
Rs = thederived 3 BACKGROUND count rate for the ATB count mode.

Rs (a+p; i = the GROSS @ + 3) count rate obtained in the@(+ 3) mode during the'i count.

R = the GROSS @ ) count rate obtained in th@ ONLY mode during the"l count.

B_a i
1 N
Rs (gip) = N § Rs (445 i = the @ + B) BACKGROUND count rate for the{ + 3) mode of
1=

the ATB count mode.
R; , = the @ BACKGROUND count rate for th& ONLY mode of the ATB count mode.



4. Count Rates (Other than Background)

The remaining functions (Efficiency and Activity) depend on the corrected count rate of a standard (for
efficiency) or a sample (for activity determinations). While the background count rate can be determined as
an average from a set of N measurements, all other count rates are determined from a single méasurement
These count rates are determined as follows:

4.1 Alpha Only Mode

When Method Blank subtraction is implemented, the blank is counted as part of the batch, and the count
times for the sample and blank are the same:

Tl :Tblank :T
Rate:
C Choian
R:T_l_51 DRB_a _52 m%_él DRB_a)
1 1

= R1 _61 ERB_C( _62 |leIank_gross _61 DRB_a)
= R1 _61 ERB_C( _62 |:IF\>bIa1nk_gross + 61 |32 EIRB_C(

= R1 - 62 |:IF\>bIa1nk_gross - 61 ERB_C( + 61 |32 EIRB_C(

= R1 _62 |:IF\>bI:a1nk_gross _61 |In'_éz] ERB_C(

the number of counts obtained during this (one) measurement.

= the count time of this measurement.

— 0O

C _ .
—L =the gross count rate of the sample (or standard in the case of efficiency).
1

R; , = the BACKGROUND count rate for the Alpha Only count mode.

P
I

Coiank = the number of counts obtained during this (one) measurement of the (one and only one)
designated blank.

C
Roiank_gross = —bank = the GROSS count rate of the (one and only one) designated blank.
1

5. = {0_if _BACKGROUND SUBTRACTIBI=NO
1 — |1 if _BACKGROUND SUBTRACTI®I=YES
5. = {0_if _BLANK_SUBTRACTIOI=NO
2 — |1 if “BLANK SUBTRACTI®I=YES

! The efficiency can also be determined as an average from a\satezsurements; however, this is an
average oN efficiency measurements — each determined from a single measurement of the count rate of the
calibration standard.



Note: 0, =0, =1 IS NOT CURRENTLY ALLOWED

Uncertainties:

UR = \/E%% 522 |])-lflank_gross + 512 |:m-_52]2 m-lgB_a
1
Rban ross
Or = J DB—E 5 E@— = E«Sﬁ m-5,)° 07, ,

Og, = theuncertainty in the Alpha Only (system) BACKGROUND count rate.

Re
= T_a for the case in which the background was determined from a single measurement
B

N
\/Z (RB_a_i - RB_a )2
== if the background was determined from a set of N
(N-1)
measurements.

0_if _BACKGROUND SUBTRACTI®=NO
1= 1_if _BACKGROUND SUBTRACTI®I=YES,

— Jo if BLANK_ SUBTRACTI®I=NO
1 if “BLANK _SUBTRACTIBI=YES,

Note: 0, =0, =1 IS NOT CURRENTLY ALLOWED



4.2 Simultaneous Mode

When Method Blank subtraction is implemented, the blank is counted as part of the batch, and the count
times for the sample and blank are the same:

T =Ty =T

lank —

Without Spillover Correction

The equations for the count rate and corresponding uncertainty for the simultaneous mode without
spillover correction are identical to those for alpha only, except that they are applied to each channel (of
the simultaneous mode) individually:

Rate:

C Choian
Rz?l—élmg—ézm%—élﬂ&)
1 1

= RJ. - 52 |:I]:\>blfa1nk_gross - 51 [ﬂl_ 52] |:IRB

C, = the number of counts obtained (in the channel of interest) during this (one) measurement.

T. = the count time of this measurement.

Rl = —L=the gross count rate of the sample.
1

R; = the BACKGROUND count rate for the channel of interest for the Simultaneous count

mode. (i.e.,Rg , for alpha andRy j for beta.)

Roiank_gross = the GROSS count rate for the channel of interest of the (one and only one) designated

blank.

0_if _BACKGROUND SUBTRACTI®I=NO
1_if _BACKGROUND SUBTRACTI®I=YES

51

5. = {0_if _BLANK_SUBTRACTIOI=NO
2 — |1 if “BLANK SUBTRACTI®I=YES

Note: 0, =0, =1 IS NOT CURRENTLY ALLOWED

Uncertainties:

Or= \/E%E’ézz |])-bzlank_gross +512 [m-_5z]2 szeB
1
Rban ross
Or = \/DBE Q"'éz? EE I -I;-_g %512 Mm-o,]? ET;B

Og = theuncertainty in the (system) BACKGROUND count rate for the channel of interest for

the Simultaneous count mode.

10



Rl

RIC(

11

R . .
—B for the case in which the background was determined from a single measurement

B

S R ~R.Y

== if the background was determined from a set of N measurements.

(N-1)

Rs | = Rg , ; ifthe & channelis the channel of interest

Rs s ; ifthe B channel is the channel of interest

5. = {0_if _BACKGROUND SUBTRACTIBI=NO
1~ |1 if _BACKGROUND SUBTRACTI®I=YES

5. = {0_if _BLANK_SUBTRACTI®I=NO
2 — 1 if _BLANK _SUBTRACTI®I=YES,

Note: 0, =0, =1 IS NOT CURRENTLY ALLOWED

With Spillover Correction
The equations for the count rate and corresponding uncertainty for the simultaneous mode with spillover
correction are derived in Appendix A. The results are presented below:

Rate:
The spillover corrected count rates can be written as

— |.(Rﬁ _62 M B _gross _61 EBﬁ m:I'_62))_(Ror _62 |:l}\/lor_gross_él [Ba (1_62))D(a—>ﬁj

=R corrected —
s P e [1_Xa—>ﬁ D(ﬁ—>a]

= Ra = |.(Ra _62 |:lMor_gross _61 [Ba (1_62))_ (RB _62 DM B _gross _61 [Bﬁ ml_éz))g(ﬁ—mj
_corrected [1_ Xﬁ_m D(a_>ﬁ ]




Uncertainties:

The uncertainty in the spillover corrected count rates can be written as

ET [a +(3,) I

U
2
R 51 Xa > D(ﬁ >G]E o

D X p-sa ET
51 Xa > D(ﬁ >a]g

+ L Bqﬁ >a ﬁ EEPX;;W
gl Xasp * Xp- >an X s

R, Koo Koo, E’f%
gl Xa- ->p D(ﬁ >GJE

T,

Illlk,

2

0
R Bl Xasp D(B >a]g

D Xa-sp ET
51 Xa > D(ﬁ >a]g

+ D R a’a > _lj- Xa->p E
al Xa ->f Xﬁ >GJE EE
qa > D(ﬁ —>q EP[I:E Xp->a E
51 Xa > D(ﬁ >GJE

+(5

sssss

Y -5,y @ |

oz +G )y, 460, f o ]

E’r
oz +Gr2, 465, r o ]
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4.3 Alpha then Beta Mode

Once again, since only one blank per batch is allowed, and the blank is counted as part of the batch, the
count times for the sample and blank are the same:

T1= Tolank=T

Alpha Count Rate in the ATB Mode:

Ra = Ra_gross - 52 |:IRa_blank_gross - 51 ml_ 52] DRB_a

R, goss = the gros#r count rate obtained during tleONLY count of the ATB count.

I:Qa_blw_gross = the GROS® count rate obtained during tleONLY count of the ATB count of the (one
and only one) designated blank.
RB_O, = thed (system) background count rate for 6h©NLY mode of the ATB count mode.

5. = {O_if_BACKGROUND_SUBTRACTI@I=NO}
1 = |1 if "BACKGROUND SUBTRACTI®I=YES

k) {O_if _BLANK_SUBTRACTI@I:NO}
2 = l1_if “BLANK SUBTRACTI®I=YES,

Note: &, =9, =1 IS NOT CURRENTLY ALLOWED

Uncertainties:

— :RU gross_1 : 2 2 2 2 2
O-Rg _\/f _-I- = f+52 |]Tar_blank_gross-l-él |:|U]'_52] |]TRB_U
L 1 L
— :Ra gross_1 : 2 R7 blank_ gross 2 2 2
Or =hE T f+52 e o, 1-9,] mTRB .
5 T O T -
Og = theuncertainty in the 0 (system) BACKGROUND count rate for tleONLY mode
= RB—G for the case in which the background was determined from a single measurement
B
N
2
Z (RB_a_i - RB_a)

1=1

(N-1) if the background was determined from a set of N

measurements.

13



5. = {0_if _BACKGROUND SUBTRACTIBI=NO
1~ |1 if _BACKGROUND SUBTRACTI®I=YES

5. = {0_if _BLANK_SUBTRACTI®I=NO
2 — 1 if _BLANK _SUBTRACTI®I=YES,

NOTE: o, =9, =1 1S NOT CURRENTLY ALLOWED
Beta Count Rate in the ATB Mode:

Since the ATB mode matches an@nly count to a correspondir{g + 3] count, and the one (and only)
blank is counted during the same ATB count, then the count times are the same, and we may write:

Tiap = Ta = Tiasp)_vlank = To_piank = T
Ry = (Rasp) =02 Rigep)_bank =01 H1= 021 [Rg ggy) ~(Ry =02 IRy _pjanc ~ 01 1= 0,] IR o)

Rp = R[a+p] - 52 ER[a+B]_bIank - 51 [ﬂl_ 52] ERB_[a+B] - Ra + 52 ERa_bIank + 51 Eﬂl- 52] ERB_a

RB = R[a+p] - Ra - 52 |IF\)[awﬁ]_blank - Ra_blank) - 51 [Hl_ 52] |IRB_[awﬁ] - RB_a)

OR
Rs; =Raip ~ Ry -9, qR[a+p]_bIank - Ra_blank) -0, 1-9,] qRB_ﬁ)
where,
R[a+B] = the gross @ + ) count rate obtained during the@ [+ 3] mode of the ATB count.
R, = the gross @ ) ONLY count rate obtained during th&[] ONLY mode of the ATB count.
Rmﬁ]_blank = the gross ¢ + ) count rate of the (one and only one) designated blank obtained during

the [a + 3] count of the blank during thea{ + 3] mode of the ATB count.

RO,_blank = the gross ¢ ) ONLY count rate of the (one and only one) designated blank obtained
during the ONLY count of the blank during th& ONLY mode of the ATB count.

Rs o+ = the [0 + B] (system) BACKGROUND count rate for ther[+ 3] mode of the ATB
count mode.
RB_a = the a (system) BACKGROUND count rate for thg¢ ONLY mode of the ATB count
mode.

Rs = thederived 3 (system) BACKGROUND count rate for the ATB count mode.

5. = {0_if _BACKGROUND SUBTRACTIBI=NO
1~ |1 if _BACKGROUND SUBTRACTI®I=YES

5. = {0_if _BLANK_SUBTRACTI®I=NO
2 — 1 if _BLANK _SUBTRACTI®I=YES,

Note: 0, =0, =1 IS NOT CURRENTLY ALLOWED

Uncertainties:
Once again, noting that

Tiaesr = Ta = Tiaup)_blank = To_plank = T

14



we may write

- Raﬂ?] Ra Raﬂ?]_blank Ra_blank
O-RB - ETf E?%I-ézz T T 512 |:gl_éz]z mo-é_[aﬂ}] +O—I§_a)

where,
R[a+[5] = the gross @ + ) count rate obtained during th@ [+ 3] mode of the ATB count.

15

R.

= the grossf —ONLY count rate obtained during th&[] ONLY mode of the ATB count.

Raﬂ?]_blank = the gross ¢ + ) count rate of the (one and only one) designated blank obtained during

the [@ + ] count of the blank during thed{ + 3] mode of the ATB count.

F\’a_blank = the gross —ONLY count rate of the (one and only one) designated blank obtained

RB_[O'+ﬁ]

Re_«

Og_[a+p]

during the [r JONLY count of the blank during thedf JONLY mode of the ATB count.

= the (@ *+ ) (system) BACKGROUND count rate for the' [+ 3] mode of the ATB
count mode.

= the d —ONLY (system) BACKGROUND count rate for th@[JONLY mode of the ATB
count mode.

= theuncertainty in the @ + ) (system) BACKGROUND count rate for the' [+ 3 ]
mode of the ATB count mode.

RB_[O'+ﬁ]

=, |——— for the case in which the background was determined from a single
B

measurement

N

2
(RB_[a+[5]_i - RB_[a+B])
—_ =1

= (N=1) if the background was determined from a set of N

measurements.

theuncertainty in the 0 (system) BACKGROUND count rate for tt@ ONLY mode of
the ATB count mode.

Re o
Tg

for the case in which the background was determined from a single

measurement



NOTE:

_ i(RB_a_i B RB_a )2

(N-1)

if the background was determined from a set of N
measurements.

5 — 0_if _ BACKGROUND_SUBTRACTI®=NO
17 1_if _BACKGROUND_ SUBTRACTI®I=YES,

5. = {0_if _BLANK_SUBTRACTIOI=NO
2 — |1 if “BLANK SUBTRACTI®I=YES

NOTE: &, =3, =1 IS NOT CURRENTLY ALLOWED

NOTE: Care should be taken in selecting background subtraction versus method blank subtraction

during the alpha then beta mode. Unlike the method blank protocol (in modes other than ATB)
in which the result of subtracting the gross blank from the gross sample produces the same
result as subtracting the net blank from the net sample, in the ATB mode, subtracting the

grosx only count from the gross(+ [3) count does not produce the same result as

subtracting the né only count from the net + 3 ) count. The difference is the

derivedf3 background. While th«§1 parameter ensures that system background is consistently
applied to th& only and @ + 3) components of the above equations for the ATB mode, it
needs to be noted that the system backgrounds for these modes are different. (The difference is
the derived3 background.) In fact, tfr&l parameter multiplies what one could call the “derived

beta background”. Thus turning background subtraction ON versus OFF determines whether the
“derived beta background” is subtracted or not — consistent with the definition of net count

versus gross count. In other words, (derived gfossf3 background) and (netf + 3] — net
[a only]) produce the same nBtonly result (760 in the table below).

In a similar fashion, when one tries to take into account a method blank, consistent results will
be obtained provided one is consistent in matching gross with gross and net with net
measurements.

The following table helps to demonstrate these concepts:

TABLE

In the context of this Table, the following definitions will apply:
TOTAL = sample contribution + blank contribution

GROSS = including system background

NET = the system background has been subtracted.

16



MODE:

Observed Backgrounds: 10
Derived Background:

(a ONLY) (a+p)

| DERIVED 3

| TOTAL B BLANK BLANK
| GROSS SYS GROSS NET

| B BACK B B

Observed Blank: 30
Derived Gross Blank:
Derived Net Blank: 20

Observed Count: 100
Derived Gross Count:
Derived Total Net Beta Count:

Gross Total SAMPLE: 100
0, =10, =0: Gross Total Samp - SYS BACK 90

0, =0,0, =1: Gross Total Samp - Gross Blank 70

0, =10, =1:Net Total Samp — Net Blank: (90-20) (850-350)

850

500

760
430°

|
|
|
|
|
|
| 43¢

NOTE 1: The TOTAL gross beta counts. These are due to contributions from:
the system background = 40

The beta contribution from the method = 330
And the beta contribution from the sample itself = 430

800

NOTE 2: The TOTAL net beta counts. These are due to contributions from:

The beta contribution from the method = 330
And the beta contribution from the sample itself = 430

760

NOTE 3: The NET SAMPLE beta counts. These are due to contributions from:

the NET beta contribution from the sample itself = 430

17
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While this is obtained by subtracting the GROSS blank count rate from the GROSS sample count rate, it still
produces the NET beta count rate because the system background contribution is common to both the
sample and blank, and is thus subtracted out:

The GROSS sample count rate = 800 (40+330+430)
the GROSS blank count rate = 370  (40+330)
430
NOTE 4: The NET SAMPLE beta counts. These are due to contributions from:
the NET beta contribution from the sample itself = 430
430

This result is obtained by subtracting the NET blank count rate from the NET sample count rate. It
produces the same NET beta count rate as demonstrated in NOTE 3:

The NET sample count rate = 760  (330+430)
the NET blank count rate = 330 (330)
430

These results follow from the associative property of addition and subtraction.

18



5. Efficiency and Spillover Calibrations without Mass Attenuation

5.1 Efficiency:
For: N=1

where,

= the efficiency determined from th® observation.

£ =

R _calcd
' S

R .acq = the “calculated” count rate (net or gross as determined by the analysis profile) for the

particle (a or 3) of interest during the"iobservation.
S = the emission rate of the calibration standard for the particle of interest.

- S) @—AMT
S, = the emission rate of the calibration standard as of the certificate date.
In(2
5 =@
T1/2

AT =Elapsed time between Calibration source certificate date/time and the Count
Acquisition Date/Time.

Uncertainty:
For N =1:

08 _calcd S
HRl caled gES :

Op = Uncertainty in the “calculated” count rate
From the count rate determination as stored in the database.
O 5 = Uncertainty in the emission rate of the calibration standard.

For N >1:

19



5.2 Spillover — Simultaneous Mode Only:

Spilldown — Determined during alpha efficiency in Simultaneous Mode:
For a single measurement:

~Rip caca

F\)i_a _calcd

Xl_a—>[5

and

O-Xl_u—>ﬁ — HaRl_ﬁ_ca|c'd g_l_Ho-Rl_u_cam'd g
Xl_a—>ﬁ HRl_B_calc'd H HR]._a_calc'd H

or restated as

— HaRl_B_cam'd g HaRl_u_calc'd g
o =X, o +
Yo oh HR]._B_calc'd H HR]._a_calc'd H

where,
R 5 caca = the “calculated” beta count rate (net or gross as determined by the

analysis profile) in the simultaneous count mode forotiee
observation.

R o caca = the “calculated” alpha count rate (net or gross as determined by the

analysis profile) in the simultaneous count mode forotiee
observation.

OR v oves = the uncertainty in the “calculated” alpha count rate (net or gross as

determined by the analysis profile) in the simultaneous count mode for
the one observation.

Og o awa - the uncertainty in the “calculated” beta count rate (net or gross as

determined by the analysis profile) in the simultaneous count mode for
the one observation.

For a set oN measurements:

1 N
Xa—>ﬁ = —[EXi_a_>ﬁ
N 1=1

where,

—_ I:\)i_ﬁ_calc'd
Xiasp =3
I:\)i_ar_calc'd

R 5 caca = the “calculated” beta count rate (net or gross as determined by the analysis
profile) in the simultaneous count mode for tHebservation.

R & caca = the “calculated” alpha count rate (net or gross as determined by the
analysis profile) in the simultaneous count mode for fmbiervation.

and

20
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Toror =N = 1)DZ(X voos = Xaoss

Spillup — Determined during beta efficiency in Simultaneous Mode:
For a single measurement:

— Rl_a_calc'd
Xipsa =%
Rl_ﬁ_calc‘d

and

O-Xl_g—m - HO-Rl B _calcd g HaRl o _calcd g
Xl_ﬁ—>a HRl B _calcd H HR]. a _calcd H

OR 5 caco g HIR o o g

- H
g = ->a |
X1_p->a Xl_ﬁ HR]__ﬁ_calc'd H HR]- a_caled H

or restated as

where,
R o caca = the “calculated” alpha count rate (net or gross as determined by the

analysis profile) in the simultaneous count mode forotiee
observation.

R s caca = the “calculated” beta count rate (net or gross as determined by the

analysis profile) in the simultaneous count mode forotiee
observation.

OR s = the uncertainty in the “calculated” alpha count rate (net or gross as

determined by the analysis profile) in the simultaneous count mode for
the one observation.

Og o awa - the uncertainty in the “calculated” beta count rate (net or gross as

determined by the analysis profile) in the simultaneous count mode for
the one observation.

For a set oN measurements:

1 N
Xp—>a :ﬁi)ﬁ‘ﬁ_m

I:\)i _a_calcd

I:\)i _ B _calcd

where,
Xi_ﬁ—>a =

R 4 caca = the “calculated” alpha count rate (net or gross as determined by the
analysis profile) in the simultaneous count mode for frmbiervation.

R 5 caca = the “calculated” beta count rate (net or gross as determined by the analysis
profile) in the simultaneous count mode for tHebservation.



and

X,Bf>u

(N 1)DZ(X _p->a ~ Xp- a)
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6. Efficiency and Spillover Calibrations with Mass Attenuation
6.1 Efficiency Calibrations with Mass Attenuation

The efficiency for samples of hon-zero mass is modeled as a function of mass. Four models are available:
* Linear: s(m) =C,+C,n
* Exponential: s(m) =G, [& ™
* Inverse Linear: s(m) = [C0 +C, Dm]_l
* Inverse Quadratic: s(m) = [C0 +C, In+C, E’nz]_1
The coefficients of the equation (for the selected model) are determined Weiglded least squares fit to a

set of paired mass-efficiency observation$nf(€, );(M,,&,);....;(My, €y )]. These coefficients, along with

their uncertainties, are stored so that the efficiency, and its uncertainty, for a sample of any (attenuating)
mass can be calculated and used for an activity determination.

Linear
The Fitted Efficiency

The coefficients of the linear solution:
g(m)=C, +C, n

are determined by solving for the vectoin the following equations:

M b=V
where,
N
My =) w WUH @T\K_l
- [C,0
b= OD
1 [
N
Ve =Y w & O
and
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and the uncertainties in the coefficients are given by

2 —_p -1
Oc, =My

2 -1
acl—M22

The reducecy ® of the final fit, Z, is given by:

where,

For good fits,Z — 1.

The Uncertainty in the Fitted Efficiency
The uncertainty in the calculated efficiency is determined as follows:
Given that the efficiency is calculated from the following equation:
g(m)=C, +C,
we can write

Uoe f oe if

de)? = (2 + (&
9 e, % B
=[f w¢ +[m[ we +[c.]' o7,
=0 +m’ ¢ +C/ [y,

Substituting
2 — -1
Uco - IV|11

2 — -1
Oc = M,,
we can write
2 — -1 2 -1 2 2
de? =M +m?> M, +C? &2

or

, e,

%" BmH

o)

m
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de = /M2 +m’ M2 +C2 [

Exponential
The Fitted Efficiency

The coefficients of the exponential solution:
g(m)=c, @™
are determined by first linearizing the equation:
y =In[e(m)] =In(C,) ~C, in= A, + A [in

and then solving foA, andA by solving for the vectdp in the equation

M b=V
in which,
N
My =)W ET\J_l ET\K_l
b=2°F
=0, O
A0
N
V=3 w (e, )
and
—
I 0_5
Since y =In(g)

and (dy)2 = %g [ﬂdE)Z

the variance of is given by
ot =FH
(e[
so that the weighting factow, is given by
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" oT
Then, noting that
A =In(Cy)
A=-C
we may now write:
C,=e™
C=-A

The coefficientsAyandA, , are given by
_ 0 _ _
bzg%gzM‘lEM =MV
AD

and, as before, the uncertainties in the coefficiégendA, are given by

2 - -1
UAb — WV
2 -1
Op =My,
Noting the uncertainties in the coefficie@sandC, , are given by
= o’
O, =e” o,
UCl = UA1

and substituting foﬂ% andGAi in the above equations, we obtain:
— — -1 -1
o, =ePw, =e® QM =C,G/M,;
— — -1
Oc =0, = M.,

As before, the reduce(,‘i2 of the final fit is given by:

where,

Once again, for good fits — 1.
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The Uncertainty in the Fitted Efficiency

The uncertainty in the calculated efficiency is determined as follows:

Given that the efficiency is calculated from the following equation:

g(m)=c, @™
we can write

(de)Z:E%g w2+ Eﬁ—gg o+ 250

=leomf w2 +[c, o -m)f 2 +[c, e -, )f w2

=l oz +cime w2 +c2 2 w2

W O
= [C0 @'Clm“]z . SC_C; +n? [0 +C/ [0
0

Substituting
g(m)=c, @™
— - -1 -1
o, =e* W, =e* QM =C,Q/M,;
— - -1
Oc =0, = VM,

(de)? =2 M, +m? M ;2 +C2 (2

we can write

or

de =g+ M +m? M, +C2 72
or

= 1+ M+ CF 07



Inverse Linear
The Fitted Efficiency

The coefficients of the inverse linear solution:
e(m)=[c, +C, [
are determined by first linearizing the equation:
1
y=—7=C,+C,
g(m

and then solving fd€,andC, by solving for the vectdd in the equation

S—|

M b=V
in which,
N
My =) w @T\H @T\H
- [C,O
b= OD
1 U
N 1
Vi =y w =
1= si
and
—
I 0_5
. 1
Since y=

and (A él;_lg fde)

the variance oy is given by

1
84
so that the weighting factow, is given by

2 2
o, =—0;



w=_
| 0_52
The coefficientsC,andC,, are given by
_ .0 _ _
b= =M M b=M*V
1 [

The uncertainties in the coefficieffgandC, are given by

2 — -1
UCO — Wi
2 — -1
Uq — W22
As before, the reduce(,‘i2 of the final fit is given by:
2
z=X
N-2
where,
2
2 _ : [gl _g(m )]
X = 2
1=1 O-g

Once again, for good fits — 1.

The Uncertainty in the Fitted Efficiency
The uncertainty in the calculated efficiency is determined as follows:

Given that the efficiency is calculated from the following equation:
£(m)=[c, +, |
we can write

Doe Of Ooe O [Pe DZ

(de)* = e - (e, + e, H [, + SmB ¢
O -1 i O -1 if ) 0 -1 o 2
= 2 + o2 + (472
R G ceroy ke ey m e

o -1

_ S o2 st w2 +c2 2]
e rc g e e
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Substituting

We obtain

Now substituting

We obtain

or

or

£(m)=[C, +C, ]

(de)? =g* o2 +n? 2 +C? (02

2 _ -1
Oc, =My

2 _pg-t
Oc, =My

(de)? =%« M2 +m? M ;2 +C2 (72

de =g2e M2 +m? M} +C2 2

de
Tzee M+ M +Cl D]
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Inverse Quadratic
The Fitted Efficiency

The coefficients of the inverse quadratic solution:
-1
g(m)= [CO +C, [M+C, mnz]

are determined by first linearizing the equation:

1
Y=o =C, +C, [In+C, [’

and then solving fdC,, C,, andC, by solving for the vectdd in the equation

S—|

M b=V
in which,
N
My =)W @T\H @T\H
[C, 0
U
b=~<, B
.
N 1
Vi =S w B
E &
and
W =—
I 0_3
: 1
Since y=—
&
and (dy) = 220 e
L™ 0
the variance oy is given by
_1
oy =Z0;

so that the weighting factow, is given by
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84
\Ni:?

&

The coefficientsC,, C,, andC, , are given by

[C,0
b=rC, =M M B=M "V
7.8

The uncertainties in the coefficielfg, C,, andC, are given by

2 —pp-1
UCO — Wi
2 —_pp-1
aq — W22
2 —pp 1
UCZ — Wiss

With three coefficients, the reducﬁcf of the final fit is given by:
2

z=%X
N-3
where,
XZ - A [gl _g(m )]2
1=1 052

Once again, for good fits — 1.

The Uncertainty in the Fitted Efficiency

The uncertainty in the calculated efficiency is determined as follows:
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Given that the efficiency is calculated from the following equation:
-1
=[c, +C, tn+C, 2]
we can write

Doe Of Doe f Ooe E’r Das E’r

(de)? "G H W + FD (& + WD Efi

D -1
= -0 [0
C, +C, I+C, [ B

-1

0 qm)? Ebz
Hc +C, tn+C, o[
~1 0 Qm?)? mz
Hc +C, In+C, 2]
L0

w0 2T, [m)? (&2
C, +C, [in+C, in*[

-1
HC +C, in+C, [’

(dg)? = & 0« [02 +(m)2 @2 +(m?)? 2 +(C, +2IT, i) (02

D -1
HC +C, [in+C, [’

P 0+loz +m? @2 +m* w2 +(C, +21T, )’ B2)]

Substituting E(m) = [Co +C, [in+C, mnz]—l
We obtain

(de)?=e*+|0Z +nf B2 +nf [0F +(C,+2(T, 1)’ [0
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Now substituting

ol =My,

0z =M}

0z =M}
We obtain

(de)? =g"» [Ml‘ll+m2El}\/|;21+m4D}\/lg+(cl+2[¢2 (1) myrij
or

de =&%+ M +m? M2 +m* IM ;1 +(C, +2[C, )’ (57
or

%:g.\/l\nl‘ll+m2[I}\/|2721+m4EI}\/I;§+(C1+2ECZ ()2 (&2
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6.2 Spillover Calibrations (Simultaneous Mode Only) with Mass Attenuation

Note: Traditionally the symbagk has been used to represent spillover; however, in this section we will also be

working with the Chi-Squareé)(z) value of the least squares fit. Therefore, to avoid confusion between

the spillover and the Chi-Squared value of the fit, the symbol “S” will be used in this section to represent
spillover.

The spillover for samples of non-zero mass is modeled as a function of mass. Four models are available:
* Linear: S(m) =C,+C,n

* Exponential: S(m) =C, &G
* Inverse Linear: S(m)= [C0 +C, B‘n]_l
* Inverse Quadratic: S(m)= [C0 +C, (n+C, [in? ]_1

The coefficients of the equation (for the selected model) are determined Weiglded least squares fit to a
set of paired mass-spillover observation$nj(S, );(M,,S,);....;(My, Sy )]. These coefficients, along with
their uncertainties, are stored so that the spillover, and its uncertainty, for a sample of any (attenuating) mass

can be calculated and used for an activity determination.
Linear

The Fitted Spillover

The coefficients of the linear solution:
S(m)=C, +C, n

are determined by solving for the vechoin the following equations:

M b=V
where,
N
My =) w ﬂﬂ“ @T\H
[C,0
b= OD
1 [
N
Vi = Z\Ni X @T\K'l
and
1
W =—5-
Xi
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The coefficients are then given by
b=M™*MbH=M"*V

and the uncertainties in the coefficients are given by

2 _ap-1
Oc, =My

2 _ -l
Oc, =My,

where,

For good fits,Z — 1.

The Uncertainty in the Fitted Spillover
The uncertainty in the calculated spillover is determined as follows:

Given that the spillover is calculated from the following equation:
S(m)=C, +C, n
we can write

0os O . 0s rf [asﬁ

N R
B w2+l 02 <[

— a2 2 2 2 2
=0c tm o +C/ o,

Substituting
2 _pp-l
Uco — Wl
2 _ -1
Oc, =My,

we can write

m
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dS* =M} +m’ M, +C2 &}

or

dS=yM +m’ M, +C2 &’
11

Exponential
The Fitted Spillover

The coefficients of the exponential solution:
S(m)=cC, @™
are determined by first linearizing the equation:
y =In[S(m)] =In(C,) - C, = A, + A [in

and then solving foA, andA by solving for the vectdp in the equation

M b=V
in which,
N
My = w ™ O
b=2°F
=0 O
A0
N
Vi =Y w On(s) o™
and
—
I 0_5
Since y =In(S)

and @W:%§m§

the variance of is given by
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so that the weighting factow, is given by

SZ
W = —
I O_g
Then, noting that
A, =In(Cy)
A=-C
we may now write:
C,=e™
1= A

The coefficientsAyandA, , are given by
_ 0 _ _
b= E%D:M_l[l}\/l =M™V
A0

and, as before, the uncertainties in the coefficiégendA are given by

2 _pg-1
Op =My
2 _pg-1
Op =My

Noting the uncertainties in the coefficie@isandC,, are given by
o., =e® o,
Ucl = 0/’1
and substituting fozl*fpb anda,51 in the above equations, we obtain:
— — -1 -1
o., =e® o, =e® QM =C,4/M;

Oc =0, =M,

As before, the reduc@dz of the final fit is given by:

where,

Once again, for good fits/ — 1.
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The Uncertainty in the Fitted Spillover
The uncertainty in the calculated spillover is determined as follows:

Given that the spillover is calculated from the following equation:
S(m)=C, & &™

we can write

Oos O o
@9° =o 0L + g2 e+ 250

=leomf w2 +[c, o - m)f w2 +[c, @ i-c,)f v

=l oz +cime w2 +c2 2 w2
= [C0 @‘C@“]Z . é:_iz +m’ @2 +CZ o} é

Substituting
S(m)=C, & &™

o, =e* W, =e* QM =C,G/M,}
Oc, =0, =My

(dS)? =S%« M +m? M, +C2 2

we can write

or

dS=Se M +m? M, +C2 B2

or

=M, +m* M +C 0
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Inverse Linear
The Fitted Spillover

The coefficients of the inverse linear solution:
s(m)=[c, +C, tn|*

are determined by first linearizing the equation:

1
=~ =C,+C,
y Sm °

and then solving fd€,andC, by solving for the vectdd in the equation

N—|

M b=V
in which,
N
My =) w @T\H @T\H
- [C,O
b= OD
1 U
N 1
Vi =y w O
g S
and
—
I 0_3
Since y—1
S

-1
and (dy)2 = Es—zg [qu )2
the variance oy is given by

1
g :§m§

2
y

so that the weighting factow, is given by



The coefficientsC,andC,, are given by

_ [C.0O0 _ _
b= '(FM*IMDb=M "V
1 [

The uncertainties in the coefficieffgandC, are given by

— -1
UC - 11

—1
o =

As before, the reduc@(i2 of the final fit is given by:

Z =

where,

Once again, for good fits — 1.

The Uncertainty in the Fitted Spillover
The uncertainty in the calculated spillover is determined as follows:

Given that the spillover is calculated from the following equation:
= [CO + C1 |]n]_1
we can write

Dos Of nos of pS DZ

99" Be B 7% e 4 7 T o

e M N R e oy
C+Cmfg © fdc,+c,mfg “ de,+cmfg T "

0 -1

— ﬁ.[az +me @2 +C2E72]
“e ey e e T

41



Substituting
S(m)=[c, +C, tm[*
We obtain
(d9)? =S'+|oZ +m’ W& +CZ w2

Now substituting

od =M

i =My
We obtain

(d9)? =S*« M +m? M3 +C2 2
or

dS=S%e M2 +m’ M} +C2 [
or

S=se T M+ Cl o7

Inverse Quadratic
The Fitted Spillover

The coefficients of the inverse quadratic solution:
-1
s(m)=[c, +C, tn+C, tn?]

are determined by first linearizing the equation:

1
y:mzco +C1ET1+C2 |]n2

and then solving fdC,, C,, andC, by solving for the vectdd in the equation

M b=V

in which,

z

<
I
=
3
2

o
|

N

C”TI
Hg
dOCOO.d

42



and

Since y=

- (dy) = Big {asy

the variance of is given by

2 1
y S4
so that the weighting factow, is given by

o Fogs

The coefficientsC,, C,, andC, , are given by

T, 0
b=, =M M b=M" ¥
.5

The uncertainties in the coefficielfg, C,, andC, are given by

2 _pp-l
Oc, =My
2 _pp-l
Oc =My,
2 _ -1
Oc, = Mg

With three coefficients, the reducﬁcf of the final fit is given by:

X
N-3

2

Z =

where,

Once again, for good fits — 1.
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The Uncertainty in the Fitted Spillover
The uncertainty in the calculated spillover is determined as follows:

Given that the spillover is calculated from the following equation:
-1
s(m)=[c, +¢, tn+C, tn?]

we can write

(dsy? _E,;_Sg w2 + Ej—sg w3 + Ej—sg 5
-5 -1 -0 2
dc. +c.mec,mifg
-1 )
Hc +C, 0n+C, [ B e
~1 gmm) mz
Hc +C, In+C, 2]

-1
HC +C, n+C, [in*

J 0 2T, [n)® (&2

-1

(d9)* =
HC +C, [in+C, [’

P 0+ [0z +(m @2 +(m?)? @2 +(C, +2(T, )’ 7]

D -1
HC +C, [in+C, [’

P 0+lo2 +m? @2 +m* w2 +(C, +21T, )’ B2)]

Substituting
=[c, +¢, i+ c, ]
We obtain
(092 =S'+|0Z +nf @2 +nf 07 +(C, +2T, 1)’ 02
Now substituting

2 —_pg-t
Oc, =My
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2 — -1

Uq - W22
of =My
We obtain
(dS)? =S*. [M1‘11+m2 M) +m* M +(C, +2[C, [)? mé]
or
dS=S2e M2 +m? M} +m* M2 +(C, +2[C, [)? [0
or

d_Sszs.\/M1—11+m2w2:21+m4m;;+(cl+2m2 ()’ &2



7. Sample Activity

The activity is reported in units of activity per unit size (mass, volume, etc.). For certain sample types (e.g.,
smears), the size is pre-defined as 1 and the size units are none, causing the reported activity to simply be the
total activity of the sample. The activity is calculated from the “corrected” count rate of the sample and the
efficiency for the geometry of the sample. If the activity is to be reported in units other than dpm, an
appropriate conversion factor is applied:

A=

= the Activity of the sample (in units of activity per unit size).

R..rq = the “corrected” count rate (net or gross or even Spillover corrected as determined by the analysis
profile).
€ = the efficiency (either simple or mass attenuated) as appropriate to the sample geometry
S = the Size of the sample in the selected units. For certain sample types (e.g., stadks),

F.c = Activity Conversion Factor for the desired Activity units.

The uncertainty in the sample activity is given by

2 2 2
— UR as US
7n ASEJR—?S— Fre
where,
Og . = the uncertainty in the “corrected” count rate.
0, = the uncertainty in the efficiency.

O ¢ = the uncertainty in the sample size.
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8. MDA
The MDA is given by

L
MDA= —DE—EQTE * Fac

where,
F.c = Activity Conversion Factor for the desired Activity units.
S = the Size of the sample in the selected units. For certain sample types (e.g., stadks),
€ = the efficiency (either simple or mass attenuated) as appropriate to the sample geometry
LD_RATE = the “Detection Limit” (in units of rate; e.g., cpm), which is given by
k2
Lo rate = * 20 rare
S

in which L gare is given by

/R
LC_RATE =k mTo_FeATE =k0 _I__B + UFZ%
s

where
Tg = the sample count time
and,
Og = theuncertainty in the (system) BACKGROUND count rate.
RB . . . .
= |— for the case in which the background was determined from a single measurement
B
= if the background was determined from a set of N measurements.
This “empirical uncertainty” IS NOT YET IMPLEMENTED!

Thus,

k? R .
L :—+2[kD/—+a
D_RATE Ts Ts Ry

For the case in which the background was determined from a single measurement, this becomes

2
LD_RATE:$—+2M1/%+%
S S B

k, =k, =k =1.645

Substituting

we obtain
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LD_RATE =

2
1645 +2m.64sm\/ﬂ - 2'706+3.295JE
Ts TS TB TS TS B
0
@w.m\/ﬁ 0
0Ts Ts o, p

ngD AC

—

and

MDA=

For the case in which the background was determined from a set of N measurements, the MDA is given by

0
EQ'Hmw.ng/&mgB O
0Ts Ts [

B

MDA=

* Fac

in which
Og = theuncertainty in the (system) BACKGROUND count rate.
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Appendix A: Derivation of the Activity and Count Rate Equations

This appendix includes the derivation of the activity and count rate equations for the case in which Spillover
Correction is applied in the Simultaneous Mode.

A.1 Without Consideration for Method Blank Subtraction

Definitions:
A; = the beta activity in dpm.
A, = the alpha activity in dpm.
Rﬁ = the GROSS beta count rate in cpm.
R, = the GROSS alpha count rate in cpm.
Ep = the beta efficiency (either simple or mass attenuated) as appropriate to the sample geometry
&, = the alpha efficiency (either simple or mass attenuated) as appropriate to the sample geometry
Bﬁ = the beta (system) background count rate in cpm.
B, = the alpha (system) background count rate in cpm.
Xa-sp = the fractional spillover (spilldown) from alpha to beta.

Xp-sa = the fractional spillover (spillup) from beta to alpha.

Spilldown:

Rﬁ_net

Ra_net

Xa—>ﬁ =

and

R net g net g H H
O s = Xa—p EP = + FPR”' when determined from a single measurerhent

Ry nei ] ORy et

Spillup:

- Ra_net
Xpsa = R

B _net
and

2 When the spillover is determined from a seiNafieasurements, the uncertainty assigned to the spillover in
ECLIPSE is determined from the empirical variance as described in Section 5 — Efficiency and Spillover
calibration without Mass Attenuation.
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R . .
O,  =Xp-sa L g + [ e g when determined from a single measurernent
pe EJFQ EjF{,

B _net _net

Derivation:
Rates:
The gross beta count rate includes contributions from the
* beta activity in the sample
* alpha to beta spillover

* beta background
as follows:

Ry =Ag L&, + A L8, DXoop + By

Similarly, the gross alpha count rate can be written as
R =A & + A&, D). + By

We now have two equations in two unknowdig(andAB ), which can be rearranged as follows:
Ag 8+ A L& DXosp =Ry =By
Al + A L8 Xy =R, — B,

Or further rearranged as follows:

Ag 8+ A L& DXosp =Ry =By
As 8 Xpso + A LE, =R, — B,

Solving these equations simultaneously yields:

Aﬁ — |.(Rﬁ _Bﬁ)_(Ra B Ba)D(a—>pJ
Eﬁ |:m'_)(or—>ﬁ D(p—>a]

|_(Ra B Bor)_ (RB B BB)D(p—er
Ea [m'_Xﬁ—>a D(a—>ﬁ]

Ab:

By analogy to the general equation for total activity, namely, the count rate divided by the efficiency:
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R

A=—
&
we may write the beta and alpha activities as follows:
A _ Rﬁ_corrected
y = ————
Ep
A}, — Ra_corrected
Ea
in which
R _l(RB_BB)_(Ra_Ba)D(a—>ﬁJ
B _ ted —
correcte [1_ Xa o D(ﬁ_>a]
and
Ra :l_(Ra_Ba)_(RB_BB)D(p—mrJ
corrected
- [1_Xﬁ—>a D(a—>ﬁ]
Uncertainties
Defining:
Rla = Ra_corrected
and
Rlﬁ = Rﬁ_corrected

we can write the uncertainties in the sample activities as

&, = the alpha counting efficiency

€, = the beta counting efficiency

o, = the uncertainty in the alpha counting efficiency defined previously
Uf;z = the uncertainty in the beta counting efficiency defined previously
Og, = the uncertainty in the corrected alpha count rate defined below
O, = the uncertainty in the corrected beta count rate defined below
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in which the uncertainties in the corrected count rates are given by (see derivation [including Method Blank
subtraction] in Appendix A.2):

L e[z +a2]

ol =
Ru Bl_xa—>p D(ﬁ—>a]@

f
él an SoIe o3, +a1 ]

+ O _Rlﬁ Wﬁ—xv _g Xp->a E
1_Xa—>ﬁ * Xﬁ—>aJE B—>a

R, Ko Koo, E’f% E
51 Xa- ->f D(ﬁ >GJE

rf
_ 1
- Bl—xwﬁ D(B_>a]5 ) [GR" +GB"]

L0 rf
Bl XX;E(;; > ]D ) [GFZ" wé“]

+ D _R Wa > _lj Xa->p E
51 Xa ->f Xﬁ >GJQ

qa > D(ﬁ >a§ B->a E
51 Xa- ->f D(ﬁ >aJE E:
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A.2 With System Background and Method Blank Subtraction

Definitions:
A; = the beta activity in dpm.

&
|

= the alpha activity in dpm.
Rﬁ = the GROSS beta count rate in cpm.
R, = the GROSS alpha count rate in cpm.
Ep = the beta efficiency (either simple or mass attenuated) as appropriate to the sample geometry
&, = the alpha efficiency (either simple or mass attenuated) as appropriate to the sample geometry
Bﬁ = the beta (system) background count rate in cpm.
B, = the alpha (system) background count rate in cpm.

M p_goss — the gross beta count rate of the Method Blank in cpm.

M, goss = the gross alpha count rate of the Method Blank in cpm.

Xa-sp = the fractional spillover (spilldown) from alpha to beta.

Xp-sa = the fractional spillover (spillup) from beta to alpha.

Spilldown:

Rﬁ_net

Ra_net

Xa—>ﬁ =

and

R net g net g . .
FP £ + FPR"- when determined from a single measurerhent

g =Xa—>
Xa->p X k HRB_HEtH HRa_netH

Spillup:

- Ra_net
Xp—sa = R

B _net
and

R net g net g H H
Oxsme ~Xp—a EP = + FPR"' when determined from a single measurerhent

Ry nei ] ORy et

3 When the spillover is determined from a selNafieasurements, the uncertainty assigned to the spillover in
ECLIPSE is determined from the empirical variance as described in Section 5 — Efficiency and Spillover
calibration without Mass Attenuation
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Derivation:

Rates:

The gross beta count rate includes contributions from the
* beta activity in the sample
* beta activity from the Method
* beta background
* alpha to beta spillover
as follows:

Rﬁ = Aﬁ Eﬁ +Mﬁ_net+ BB +A1 |}ar D(a—>ﬁ
which can be re-written as

R, =A; &5+, M -0, [B;]1+0, B, + A, [£, (X, .,

B _gross
whered, andd, can be interpreted as follows:
51: 0 means the system background may be neglected
51: 1 means the system background is to be taken into account
52: 0 means the Method Blank contribution may be neglected

52: 1 means the Method Blank contribution is to be taken into account

Similarly, the gross alpha count rate can be written as
Ra = A\J |}a + Ma_net+ Ba + Aﬁ Eﬁ D(ﬁ—>a
which can be re-written as

Ra = A\J @a +52 |:g'\/lar_gross_él I:Ba] +51 EBa + Aﬁ @ﬁ D(ﬁ—>a

We now have two equations in two unknown@g(andAﬁ ), which can be rearranged as follows:

AB EB + Ab |}a D(a—>ﬁ = Rﬁ _52 |:vm\/lﬁ_gross_él I:Bﬁ] _51 I:BB

A’ EO’ + Aﬁ @ﬁ D(B—>a' = Ra _52 mMa_gross_al I:Ba] _51 I:Ba

Or further rearranged as follows:

Aﬁ Eﬁ-l-p\lga D(a—>ﬁ :Rﬁ _52DM +52m1EBﬁ _51EBﬁ

B _gross
Aﬁ Eﬁ D(ﬁ—>a +A\1 Ij.ar = Ra _52 |:l}‘/lar_gross-l-éz |:‘51 I:Ba _51 I:Ba

and finally stated as

Ay (B, + A TE, [Xyp =R, =5, (M -5, B, [{1-5,)

B _gross

Aﬁ Eﬁ |;)(B—wf + A\J |}a = Ra _52 |:l}‘/lar_gross_él I:Ba (1_52)
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Solving these equations simultaneously yields:

A — |_(RB _52 |:l}‘/lﬁ_gross_al EBB ml_az))_ (Rw _52 |:I}‘/Ior_gross_51 EBa (1_52))D(G—>BJ
g &g [m-_Xa—>p D(p—>a]

(R, =8, M, y0es=8, 1B, (1-3,))=(R; =8, M ; y00s =0, B, {1-3,) )X 5 e |
ga [m'_Xﬁ—>a D(a—>ﬁ]

Aa:

Since the total activity is given by the count rate divided by the efficiency:
R
A=—
&
we recognize that the spillover corrected count rates can be written as

— |.(Rﬁ _52 M B _gross _51 EBﬁ m:I'_52))_ (Ra _52 |:I}‘/Ior_gross _51 EBa (1_52))D(a—>pj

R =
3 _corrected [1_ Xa_>ﬁ D(ﬁ_>a ]
Ra — |_(Ra _52 DM a _gross - 51 EBa (1_ 52))_ (RB - 52 DM B _gross _51 EBﬁ ml_ 52))D(p—>a J
_corrected

[1_Xﬁ—>a D(a—>ﬁ]

so that the alpha and beta activitiég,andAy; , are given by

A, — Ra_corrected
ga

A = Rﬁ_corrected

T,
B

Uncertainties
Defining:

! [
R a” Ra_corrected
and

Rlﬁ = Rﬁ_corrected
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we can write the uncertainties in the sample activities as

where,

&, = the alpha counting efficiency
€ = the beta counting efficiency

O, = the uncertainty in the alpha counting efficiency defined previously

Ueﬁ = the uncertainty in the beta counting efficiency defined previously
Og, = the uncertainty in the corrected alpha count rate defined below
O, = the uncertainty in the corrected beta count rate defined below

in which the uncertainties in the corrected count rates are given by

1 E’r
51 Xa ->B D(ﬁ >G]E

+(6,) -5, 7 02 ]

[a +(3,) @2

a _gross

D X p-sa ET
51 Xa ->B D(ﬁ >a]@

+ D - Rlﬁ Wﬁ—x} _gEE XB->a E
gl_xa—>ﬁ ¢ Xﬁ—>aJE
+ ERIa qﬁ—w D(a—>ﬁ_§EE Xa->p g
gl_xa—>ﬁ D(ﬁ—>aJE a->p

oz v,y i, +p -5,y @2 ]
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2
R

57

0
Bl Xa-sp D(B >a]g

D Xa-sp ET
51 Xa > D(ﬁ >a]g

0 -R, W, _ET

¥ 51 Xaosp ® Xp- >an

"

qa > D(ﬁ —>q EP[I:E Xp->a E
51 Xa > D(ﬁ >GJE

sssss

E’r
oz +Gr2, 465, r o ]



DERIVATION:
Noting our previous definitions:

! [
R a” Ra_corrected
! [
R B~ Rﬁ_corrected

we may write the corrected count rates as follows:

R'a = |.(Ra _52 |:IMar_gross_él EBa ml_ 52))_(Rﬁ _52 M ﬁ_gross_51 EB[B (1_52))D(ﬁ—>aj. [1_Xa—>;3 D(ﬁ—m

R'B = |.(RB _52 DMB_gross_al EBB m_éz))_(Ra _52 [Ma_gross_51 I:Ba (1_52))D(a—>;3]° [1_Xa—>;3 D(g—m

Carrying out the derivation for the uncertainty in the corrected beta count rate, and noting that a similar
result applies to the alpha case, we proceed as follows:

(dRu )2 _EE Rlﬁ ng +|:| aRlﬁ ng +m|3 Rlﬁ g@z
’ EaRﬁ m k %Mﬁ_grossg Mo e EaBﬁ m %
0 or, O R, O,

L DR, O B2 + T2+
D a ross D a
EﬁRa U R %Ma_grossg Ma_o EpBa | .

Oor, O
[5 |:| m‘?ufﬂ?
Xa—>ﬁ E

OorR, O
[5 |:| m‘;ﬁfwx
Xﬁ—>a E
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1 ET -9, f D_5m1 3,) g@

(dR,)* = 0 &2
51 Xa ->B D(ﬁ >a 51 Xa ->f D([)’ >a] MB o 51 Xa ->f D([)’ >a]@
e f 0 s, ot 5, [{1-6 f
Xa ->B Dl])_ + D(a ->f Dl])_ ml )D(a >ﬁ|:||])_2

51 Xa-sp Kp-sal B 51 Xaos Kpsalm o 51 Xaos KpsalB

Y

Ol
gl Xa ->B Xﬁ >aJE Ho=op

= e _E’r@;
gl Xa ->f D([)’ >aJE e

Extract the common factors from lines 1 and 2:

R, = o N R LRI & ALY

a >B D([)’ ->q

D Xa >[5
B, oIE

+ (6.0 -5,) @7 |

EZ [(—1)2 w2 +(0,] W}

u _gross

U -R f
g - -D m‘?ufﬂ?

1_Xa—>[5 .Xﬁ—>aJE
D Rﬁqa —>p _ﬁ 2

+

gl Xa ->f D([)’ >aJE Ko

* See section A.3 - Differentiation, Rearrangement, and Simplification of Partial Derivative for details.
® See section A.3 - Differentiation, Rearrangement, and Simplification of Partial Derivative for details.

59



Multiply lines 3 and 4 b a=p gand %g , respectively:
a—>f B—>a

1 f
dR,)* = elo +(-0,f w2  +(-o,f lL-6,)f W2
( ) 51 Xa ->p D(ﬁ >or]|:| [a ’ ( ) p-aross ( ) [(n- ) B]

D Ko-og J 2 12 2 32 2 2 3.2
e -1y s +(o ETM + 61 - m—B
51 Xa- ->B D(B >a]Q [( ) R ( 2) a_gross ( ) [(ﬂ. 2) a]

+ D _R Dt'a > _E?l- Xa->p g
gl Xa ->f Xp >GJE E
ER qa ->p D(ﬁ >0§EE Xp->a g
51 Xa > D(ﬁ >GJE

Noting that (— 1)2 =1(in line 2) and does not need to be stated explicitly, and deleting teeassary negative signs
from line 1 yields:

1 E’r

51 Xa->p D(p >a]@ [a i 62) mT'\ZA

(dR )2 —

@y t-syw?

D Xa-sp ET
51 Xa > D(ﬁ >Q]E

+ D R Dt'a > _E?l- Xa->p g
gl Xa ->f Xp >GJE E
qa > D(ﬁ >a E?l- B—>a g
51 Xa > D(ﬁ >GJE E

sssss
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A.3 Differentiation, Rearrangement, and Simplification of Partial Derivatives
Noting thatR', and R'; are given by
R'a = |.(Ra _52 |:Imar_gross_al EBa ml_ 52))_(Rﬁ _52 |:IM{B_gross_al I:Bﬁ (1_52))D(ﬁ—>a]. [1_Xa—>ﬁ D(ﬁ—>a

R'B = |.(Rﬁ _52 wﬁ_gross_al EB;; Eﬂl‘5z))‘(Ra _52 [Ma_gross_51 I:Ba (1_52))D(a—>¢3]° [1_Xa—>g D(g—m

we can simplify the notation with the following definitions:

f
g

(Rﬁ _52 |:l}‘/lﬁ_gross _51 I:Bﬁ |11_52))
(Ra _52 |:l}‘/lar_gross_él I:Ba (1_52))

so that we may write

(g —f D(ﬁ—>a) -1
R =<+ N -1 o |1— - oa = \We
X0 B (g D(ﬁ->a) ( Xa-sp X ) wev
and
. f-9lX.- _ -1 _
Rﬁ - (].(_Xa_>ﬁ D(ﬁl_}l,)_ (f - g D(a—>ﬁ ). (]'_Xa—>ﬁ D(ﬁ—>a) =usv
in which
W= (g - f D(ﬁ—>a)
U:(f _gD(a—>ﬁ)

V= (]-_Xa—>ﬁ D(ﬁ—>a )_1

which simplify the required differentiations. Since the derivation of the uncertainty in the corrected count rate
is being carried out for the beta case, we proceed as follows:

U:(f _gD(a—>ﬁ)
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V= (]-_Xa—>p D(p—>a )_1

a\L - (_1)E[H-_Xa—>ﬁ * Xp-sa ]_2 Eﬁ_Xﬁ_m)

6\1 = (_1)[[[L_Xa—>ﬁ * Xp-a ]_2 E(_X"_>B)

We may now write:

oR'
E —um ov v ou

aXa—>p aXa—>ﬁ aXa—>ﬁ

_ Xp—>a ) _ 1 f—
(f gD(a—>ﬁ) 1_Xa B.XB—>aJ2+(1 XG—>ﬁ D(ﬁ‘>0’) [q g)

(F=00ap) Koo . (c0)
llxaﬁxﬁa] X * Xp)

(f_gD( )D(B >a I:tﬂ' Xa >B Xﬁ aJ
|_1XaﬁXﬁaJ |_1XaﬁXﬁaJ

f DX =9 Ko Ko, (C9)+90Kasp Koo
llXaBXBaJ |.1X01BXBGJ

fDXpoe =0
|_1 Xa >3 Xﬁ aJ

o —R
X Xp]

(g —f D(B—>a) - (f D(p—m _g)

® By substitutingR', = (

or more specifically- R’ =
1_Xa—>ﬁ D(ﬁ—>a) ‘ (

1_ Xa—>p D(ﬁ—>a )



and

aRﬁ ov +yv0 ou

uld
aX[)’—>a aXﬁ—>ar aXB—>ar

Xa—>[)’

=(f -
( gD(a_>B) 1_Xa—>[>’ .X[)’—>a

jz + (]'_Xa—>ﬁ D(ﬁ—>a )_l [0

- (f _g D(a—>[>’)D(a—_>[5
|_1_Xa—>[>’ ¢ X[)’—>a J2

7 - . RIB qa*ﬁ .
|_1_Xa—>[)’ * X[)’—>aJ

(f - g D(a—>ﬁ)
(\]'_Xa—>[)’ D([s—>a)

! By substitutingR'; =
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VN canserra

Warranty

This warranty covers Canberra hardware and software shipped to customers within the United
States. For hardware and software shipped outside the United States, a similar warranty is pro-
vided by Canberra’s local representative.

DOMESTIC WARRANTY
Equipment manufactured by Canberra is warranted against defects in materials and work-
manship for one year from the date of shipment.

Canberra warrants proper operation of its software only when used with software and hard-
ware supplied by Canberra and warrants software media to be free from defects for 90 days
from the date of shipment.

If defects are discovered within 90 days of the time you receive your order, Canberra will pay
transportation costs. After the first 90 days, you will have to pay the transportation costs.

LIMITATIONS
Upon notification of defects in the software media or hardware, Canberra will repair or re-
place the defective items at its discretion.

THIS IS THE ONLY WARRANTY PROVIDED BY CANBERRA; THERE ARE NO OTHER
WARRANTIES, EXPRESSED OR IMPLIED. ALL WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR AN INTENDED PURPOSE ARE EXCLUDED. CANBERRA SHALL
HAVE NO LIABILITY FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES
CAUSED BY FAILURE OF ANY EQUIPMENT OR SOFTWARE MANUFACTURED BY
CANBERRA.

EXCLUSIONS
This warranty does not cover equipment which has been modified without Canberra’s writ-
ten permission or which has been subjected to unusual physical or electrical stress as deter-
mined by Canberra’s Service Personnel.

Canberra is under no obligation to provide warranty service if adjustment or repair is re-
quired because of damage caused by other than ordinary use or if the equipment is serviced
or repaired, or if an attempt is made to service or repair the equipment, by other than
Canberra personnel without the prior approval of Canberra.

This warranty does not cover detector damage due to neutrons or heavy charged particles
or from physical abuse. Failure of beryllium, carbon composite, or polymer windows or of
windowless detectors caused by physical or chemical damage from the environment is not
covered by warranty.

Canberra is not responsible for damage sustained in transit. Examine shipments carefully
when you receive them for evidence of damage caused in transit. If damage is found, notify
Canberra and the carrier immediately. Keep all packages, materials and documents, includ-
ing your freight bill, invoice and packing list.

Revised 04/97



Software License

You have purchased the license to use Canberra software, not the software itself. Since title to
the software remains with Canberra, you may not sell or transfer the software. This license al-
lows you to use the software on only one computer at a time. You must get Canberra’s written
permission for any exception to this license.

BACKUP COPIES
Canberra’s software is protected by United States Copyright Law and by International Copy-
right Treaties. You have Canberra’s express permission to make one archival copy of this

software for backup protection. You may not copy Canberra software or any part of it for any
other purpose.



